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ABSTRACT: 


In order to have a 
f£ the radiation field, 
bution function 
e 


biguous answer to th 


distribution of 66, 


If one considers that this 
distribution is normal 
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and takes only small fluctuations, 
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then in order to obtain a complete statistical description 
it is sufficient to know only the second moment of 
f(6e) or the correlation function e(r )be(r,) - it 


2 


and Fo - The distribution function of each of the 


components of the field E = E. + iz. (EZ and ES 


are the real and imaginary parts of kg ) is taken to be 
of the form given by Eq (1.2), where the symbols involved 
are defined by Eq (1.3). Using this formula, it is Shown 
that away from the minima of the mean field, i.e. when 
~z =-|2 
a << E| » the mean phase is given by Eq (1.4). The 
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Cara3/6 


mean square phase fluctuation is given by Eq (1.5), 
the mean amplitude by Eq (1.6), the mean square of 
amplitude fluctuation by Eq (1.7) and the mutual 


quantities, use is made of Maxwell's equations which, ie 
after the exclusion of the magnetic field, can be 


reduced to the form given by Eq (2.1). Assuming that 


€=1 + be, E=E+8 , the final equations are of the 
form given by Eqs (2.3) ana (2.4). These equations must 
be supplemented by the appropriate boundary conditions 

on the separation ~-boundary. If the latter is a perfectly 
conducting plane, the tangential components of the field 
must be zero (Eq 2.5). The subscript "o" indicates 
that the quantities are evaluated at z=0 » Where the 
& axis is normal to the Separation boundary and passes 
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Irregularities Placed Above a Perfectly Conducting Plane 
through the point zy at which the radiator is located, 


The x axis passes along the projection of the line 
Connecting the point of observation r(L,0,z) with the 
radiator r(0,0,z) « The boundary condition fer the fo 


vertical component Ez. is given by Eq (2.6). It is 


assumed that |v se] + in which case 
polarization correc Accordingly, the 
ced to the 


for the mean field in Section 3, and it ig Shown that in 
order to find this field above the perfectly conducting 
plane, it is sufficient to replace the propagation 


constant k by the quantity = & Ving in which 
Card 4/6 
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#44 is given by Eq (3.11) (Which is the same as the 


value of £34 in an infinite medium - Ref 5). Section 4& 


is concerned with the statistical characteristics of the 
field in the distant zone. In this section, formulae are 
derived for the mean square fluctuations mentioned above. 
It is shown that the fluctuations increase rapidly near 
the minima of the mean field and this is associated with 
the interference structure of the electromagnetic field in 
space. The interference effects are most sharply defined 
when the amplitude of the direct and the reflected waves 
is the same. If the modulus Qf -the amplitude reflection 
coefficient is different from unity, the interference 
Phenomena do not lead to such a strom increase in the 
fluctuations. In the case of small reflection coefficients 
one can use the formulae obtained for an infinite mediun. 
If the correlation function can be approximated by a 


2 2 2. 92 2,,2 
Cards/6 formula of the form 5& exp [- (x + y 1 ao Z “A4\ : 
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the amplitude and phase fluctuations are given by 

Eq (4.17). The rapid increase in the relative fluctuations 
near interference minima and in the distant zone is not 
associated with an increase in the absolute fluctuations 
but a decrease in the regular component of the field. 
There are 7 references, of which 6 are Soviet and 

1 is English, 
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TITLE: | Carelation of Electromagnetic Field‘Fluctuations in a 
Medium Having Random Irregular es and Placed Above a 
Perfectly Conducting Plane 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
. 1959, Vol 2, Nr 4, pp 565 - 572 (USSR) 


ABSTRACT: The present paper is the continuation of the paper on 
pp 553-564 of this issue. Using the results obtained 


in that paper, general formulae are derived for the v4 


spatial correlation functions for amplitude -and phase 
fluctuations, assuming that the relative fluctuations are 
small. If the fluctuation part of the electromagnetic 
field is much smaller than the regular component (at 
points distant from the zeros of the latter) the phase 
and amplitude fluctuations are given by Eqs (1.1) and 
(1.2). The correlation between the amplitude and phase 
fluctuations at different points 1 and 2 is then 
given by Eqs (1.3) and (1.4). Under certain simplifying 
assumptions, it can be shown that the phase and 


Cardi/2 amplitude correlations are equal and we given by Eq (1.5). 
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Thus, the phase and amplitude correlation functions are 
completely defined by the quantity 
‘—caeememetcnres 


3% J 
bibs - Using Eq (1.6) derived-in the previous paper, 


Mme : 
it can_be shown that %,%5 is given by Eq (1.7). This 
equation is then used to calculate the correlation for two 


Special cases, namely, the case of transverse and longi- ; 
tudinal correlation. There are 3 Soviet references, 
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E=eE + 83 H = H, 


ce (1). 
o 


E 
B=E: 


By averaging the Maxwell e 
: quations f 
18 possible to obtain the averages z, a ae re 
+: ‘e 

These are defined by: x ° : 

iw 

_ _~ iw 
— (nH, + = fe ar) 
: . Bn); rot Hy = = = (cE, + a8); (2) 
io 


= bee + az) (3) 


The quantity « p 
r Series given in Eqs (4), 
can be expressed by Eqs ie 
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PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
1959, Vol 2, Nr 6, Pp 1015 - 1016 (USSR) 


ABSTRACT: The equations for the mean electric field £ and the 
fluctuation part & were shown in Refs ] and 2 to be 
of the form given by Eqs (1) and (2). If 6€ is Small 
Compared with the mean Value m= , Eqs (1) and (2) can be 
Simplified to the form given by Eq (3), where W is the 
correlation coefficient between fluctuations in the 
dielectric constant, which is Considered to be an even 


function. If the electric field varies much more slowly 


equations as those used in the theory of crystals and, 


anisotropic irregularities can be described by the same 
Cardl/4 
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consequently, two- phase velocities are possible (Ref 3). 
If the corresponding integrals are convergent, then in 

Eq (3) it is possible to expand the exponent in the 
expression under the integral Sign into a series of powers 


= «Vio 7 


The expression for elk is then found to be given by 


Eq (6). «If b¢ depends only on a single coordinate, 
Say, x , then the Correlation coefficient depends only 
on @ (@=r-r') . IF the integration in Eq (5) is 
completed with respect to @y and (2 ana the 
resulting expression is expanded in series of powers of 


“Vi 


then one obtains the relation given by Eq (7), where: ve 
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The expression for the effective dielectric-constant 
tensor, when the fluctuations be depend on only one 
coordinate, can also be obtained without assuming that 


Se is small, providsd terms of the order of 


ee Sn Eq (2) can be neglected. If, further, one also 
neglects by and t, » then the second equation of the 


System given by Eq (2) simplifies to the form given by 
Eq (8). If the averaging process is carried out for 
Eq (8), then since t, = 0 , one obtains Eq (9) and, 


hence, Eq (10). . if 
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ABSTRACT: charac teristic 1 ectro- 


with small random flus- 
= <E>+ SE over an 


It is assumed that the 
homogeneous, and that -- 


e e 
statiatic desoription of the field, the 
and the mean square of the fluctuation . 
« In a limited medium, the fluctuationg 
© interference Minimum of the field Components. 
The theoretical results obtained in the consideration of the 
Card 1/3 - problem described are further dealt with, On the basis of the 
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Maxwell equation and neglecting polarization corrections, the 
Maxwell equation is transformed into A¥ + “°(# +5 se) = 


- ~po(z-¥), (2). This method of Statistic description was 


developed in the papers by Lifshits and Collaborators (Ref 2). 
A solution is found which shows that at a sufficiently large 
distance from the Source the distribution of the componentg 
is normal at any distribution.law of &£. In equation (2), F 


distribution, near the minimum it ig a distribution according 
to the law by Rayleigh. The Conditions obtained mean that for 
& complete statistio description of the electromagnetic field 
it is sufficient to ring the mean (regular) field and the mean 
Square value of the fluctuations f 2 [akrp aya )B, (F! )6e(z) 
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for each field component. There are 3 references, 2 of which 
are Soviet. 
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ABSTRACT: 


present Paper gives a 
conditions for the ave 
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surface (which is not necessarily plane) with random 
irregularities both in geometrical form and electrical 
properties, 


propagation of a sonic wave over a surface with a 
random impedance. The boundary condition for the field 
on the surface can be written in the form given by 
Eq (1). The orthogonal system of coordinates employed 
is as follows: the Z axis directed along the normal 
to the underlying surface, and the xX 
are chosen so that they are tangential to the principle 
lines of curvature. In Eq (1), is the impedance of 
the separation boundary, k =u/c, and the dependence 
on time is taken to be of the form e-iwt. The random 
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is led to Eq (2) where the horizontal bar indicates 
average quantities. On subtracting Eq (2) from Eq (1), 
and neglecting second order quantities, Eq (3) is 
obtained. The boundary conditions for can be found 
by expressing w' (the random component of the field) 
in terms of WY using Eq (3) and then substituting 
into Eq (2). ‘The resulting boundary condition is given 
by Eq (4) and it is clear from this equation that the 
boundary condition is non-local, ie the derivative on 
the left depends on the value of on a certain area 
having a centre xX and whose effective linear 
dimensions are of the order of the correlation radius 
between and If the correlation radius is 
of curvature, Vv is the 
If one assumes that the 
ly on the distance between 
the boundary conditions given 


in the form given by Eq (5). y~ 


where the integral boundary 
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condition goes over into a local one. The discussion 
is concluded with a consideration of the Leontovich. 
boundary conditions. On a random surface z= ¢ (x,y), 
these conditions are of the form given by Eq (9) where 
E and H are the total electric and magnetic fields 


and E zsE+ @, H=H + h. If the boundary conditions 
(9) are applied to the surface z=0,; and the 
appropriate averaging process is carried out, the 
average and fluctuating components of the electric 
field are given by Eq (10). It is assumed that 
impedance fluctuations are not correlated to geometrical 
fluctuations, In order to find @z and the 
Zz derivative of y use is made of Eq (11) which gives 
ry point in the upper half- 
ial components f 
ef 2), where G is the magnetic 
whose moment is in the direction of 
the tangential components of the electric 
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field on the average surface being zero. If the 

integration surface is approximately plane, the 

expressions given by Eq (12) are obtained. If on the 

other hand impedance fluctuations can be neglected, and 

uniform, the expressions 

The theory is then 
gation of electromagnetic 
a spherical earth, 
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TITLE: On the Theory of the Propagation’ of Electromagnetic Waves 
in a Nonhomogeneous Medium with a Fluctuating Permittivity 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
1960, Vol 3, Nr 2, pp 216 - 225 (USSR) 


ABSTRACT: The electric field E in a medium with random non- 
homogeneities satisfies the following equation: 


rot rot E - k ck = 0 (1.1) 


where K? = (w is the frequency and c. is the 
velocity of light) and -£ is the permittivity which can 
be represented as ¢ = E(r) + 8e(r) » Where e(r) is 
the average permittivity and Se(r) is the random 
permittivity component. The problem is Solved under the 
assumption that the following inequalities are fulfilled: 


/ \Fl&: > 1K CE ah 
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where ? is the wavelength, 
is the correlation radius of the random 
permittivity component, 7 
a is an interval of which e(r) changes 
significantly, 
L is the optical length of the route. 


Eq (1.1) can be solved. by the method of successive 
approximations, so that the field can be represented by 
Eq (1.2), where the principal and the first approximations 
can be determined from Eqs (1.3) and (1.4), respectively. 
In many cases, .€ can be regarded as the function of z 
only. In this case, if the electric field of the first 
approximation is perpendicular to the axis 2z , it is given 
by Eq (2.1); .if the field is inclined to the axis z it 
is expressed by Eqs (2.2). Eq (1.4) can be written as 
Eqs (2.3). The solution of the second of these equations 
takes the form of Eq (2.4). This satisfies Eq (2.5). The 
solution of Eq (2.5) is in the form of Eq (2.6). The 
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following statistical characteristics of the random :: 
components of the electric field, as given by Eq (2.6), are 
of interest: the reflection coefficients vi 2 and . 


9 
1 2 which describe the 
? 


rotation of the polwisation plane. These coefficients 
are defined by Eqs (2.7). Further parameters of interest 
are: the average square value of the phase fluctuation 


By and the relative amplitude fluctuations ay and their 


correlatian functions, These are defined by Eqs (2.8). 
The expressions for the reflection and depolarisation 
coefficients are in the form of Eqs (2.9), where K 
represents the correlation function for the permittivity 


fluctuations, while Fy and Fy are defined hy 


Eqs (2.10). The correlation functions for the case of 


L/k OF ee 1 are expressed by Eqs (2.11) and (2.12). The 
amplitude and phase fluctuations of the i-th component of 
Card3/5 the electric field can be expressed by Eq (3.2) (Refs 8,9). -: 


depolarisation coefficients D 


_-- aakieatete weno Se ee oe ee ae ee ee ee Ennai Hr Seana 
FELICE! pSV DES 8,6 TEC OLSEN SIE et SSS ae Cae SEE Tae NN IEEE SIE RNY RE TEE? ONC OE 
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Nonhomogeneous Medium with a Fluctuating Permittivity 
The ratio of the squared averages of the two quantities 


can be expressed by Eq (3.4). In the far region, the 
squared averages of the amplitude and phase fluctuations 
can be expressed by Eq (3.5). For the case of the near 
zone, these quantities can be expressed by Eqs (3.6). 

The attenuation of the mean field caused by the scattering 
due to the fluctuations can be determined from Eq (3-7), 
where G is the Green function. By solving this 

equation it is found that the attenuation function is 


given by: 2 ? 
1 «kk 
ee K(r da (3.10) . 
4h e(r) on aee 


0. 


The authors express their gratitude to E.A. Kaner for 
discussing this work and N.G. Denisov for his interest 

in the work. 

There are 12 references, 1 of which is English, 1 German 
and 10 are Soviet. C. 
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TITLE: Fluctuations of the Electric Field in a Gyrotropic 
Medium with Random Non-homogeneities Approximated on 
the Basis of Geometrical Optics 


PERIODICAL: Izvestiya vysshikh uchenbykh zavedeniy, Radiofizika, 
1960, Vol. 3, No. 3, pp 384 - 392 


TEXT: The problem considered is of importance in the study of the 
ionosphere, the Solar corona and certain other problems where the 
waves propagateHin a plasmaYbituat ed in a magnetic field. The 
electrical properties of such a medium can be described by the tensor 
expressed by Eqs (1), provided it is assumed that the magnetic field 
has the direction of the axis z. In these equations, ®> is the 


plasma frequency, w is the frequency of the electric field, N jis 
the electron concentration in the plasma and H is the magnetic 
field. The electric field E in a gyrotropic medium is described 
by Eq. (2), where £,, are the components of the tensor as defined 


by Eqs. (1), while k = w/e . The solution of Eq. (2) is in the form 
Card 1/5 
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of Ea. (3), 8° that the expression for the function S(r) is in 
the form of Eq. (4). If the fluctuations of the tensor components 
are small in comparison with their average value, the fluctuation 
component can be determined by: 


de de 
be... = THON + —ik 5H (5) » 
ik an oH 


If it is assumed that the average values of the components are 
independent of the coordinates, the equation for S is: 


S = kntr # o (rx) (6) ; 


where n is the refraction index, 
is a unit vector having the direction of the wave 
propagation and 
Cara2/5¢ is the fluctuation of the phase. 
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By substituting Eq. (6) into Eq. (4), the expression for @ is in 
the form of Eq. (7), whose various coefficients are defined by 

Eqs. (8); @ is the angle between the direction of propagation 
and the magnetic field, 6 is the relative fluctuation of the 
concentration and 6h is the relative fluctuation of the magnetic 
field. The refraction index is defined by Eq. (9). Eq. (7) can 
further be written as Eq. (7a), so that the expression for o is 
given by Eq. (10). Now the fluctuation of the normal can be 
expressed by Eq. (11). Consequently, the average square of the 
phase fluctuations is expressed by Eq. (13), and the correlation "4 
function for the phase fluctuations at various points is defined 

by Eq. (14). The average square of the fluctuation of the normal 
is given by Eq. (15). When the direction of the propagation 
coincides with the direction of the magnetic field (@ = 0) , 

Eqs. (13), (14) and (15) can be written as Eqs. (16), (17) and (18). 
In the case of @ = 1/2 , the average square of the phase, the 
correlation function and the average square of the fluctuation of 
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the normal are expressed by Eqs. (19), (20) and (21) for the 
ordinary wave; in the case of the extraordinary wave, these K 
parameters are given by Eqs. (22), (£3) and (24). For the case 

of an axtraordinary wave propagating at an arbitrary angle Gi. 

in a strong magnetic field, the expressions for the above parameters 
take the form of Eqs. (25), (26) and (27). If the average value _ 
and the fluctuations of N and H depend on the coordinate 2 , 

the average square value of the phase fluctuation can be described 
by Eq (29). For WU= 0 , this expression is in the form of Eq. (30). 
On the other hand, for @ =tT/2 the phase fluctuation is described 
by Eq (31) for the ordinary wave and by Eq (32) for the extraordinary 
wave. There are ] table and 3 Soviet references. 
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AUTHOR: Bass, F. G. 
TITLE: Boundary Conditions for an Electromagnetic Field: . 
on a Surface With an Arbitrary Dielectric Permeability 


PERIODICAL: Radiotekhnika i elektronika, 1960, Vol 5, Nr 3, 
: pp 389-392 (USSR) 


ABSTRACT: The boundary conditions of Leontovich greatly © 
simplify theoretical analysis of wave propagation, 
but their application is limited to higher absolute 
values of dielectric permeability. A. D.-Petrovskiy 
and Ye. L. Feynberg (this journal, 1960, Nr ‘3, 

p 385) proved the possibility of setting up a | 
similar boundary condition for an arbitrary absolute 
value of dielectric permeability, assuming the’ 
field to.be expressed by a plane wave, multiplied 
by a function of coordinates. This condition is not 
: universal since it depends on the type of solution. | 
Card 1/8 This paper prerane an exact boundary condition for 
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the ele*tric field component perpendicular’ to the_. 
separation plane. between two media with dielectric 
permeabilities equal to 1 and €, respectively, 
heréby assuming [€[>1. The positive direction 

of the z-axis, which is perpendicular to the 
separation plane, 1s assumed from the end medium. 
with permeability € towards the lst plane having . 

a permeability 1. The normal componente in both 
media pale the equations 


“ AEn + a +E, = U, w 
Bis + pitt + keys =O. — 


Notations are; QO, two-dimensional Laplacian per 
coordinates x, y; k = W/c; U, source related by a 
certain relation to the current. On the boundary 


z=0, Ej, and Eo, follow exact boundary conditions’ 
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Ly, = 8lig: (3) 


Any runction satisfying Eq. (2) can be expressed 
through its: normal derivative on the boundary by the 


_vormula of Kirchofr, tims, Vanetion - E,,/ O02 
a fw 


ulso and 
0k, { 
he (r) ——} ox 


Vee d wth (e 
ee . BN aedy’ (4) 


oo 


where pmo and r! are two-dinensional vectors with 
components x, y, and x', y'. Transforming tnis 
equation, substituting OE,/ © zby O E,,/ © Z; 
and omitting index 1 for simplicity, Eq. (5) is 
derived 
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t oppekVelron 
"Dae WS te +a) bi (r'jde'dy’ Poe s=0, 


whieh gives the final boundary condition sought. 
Pis condition ls net lecal; 1,e, the value 
‘OE, /O,, in point vis wiven by E within a 

ka & 


z 
certain area with linear dimensions A/JIV el, 
because in Eq. (5) the exponent in the nucleus 


nik VED 


pP 


of ‘this ordes. For a good conductivity N/E [As 
of the order of the skin-thickness; but for a pure 
dielectric, of the order of the space -period of the 
nucleus oscillations. The exact boundary condition 
Eq. (5) is adapted to derivation of approximate 
conditions by introducing Pp = plooer 


changes considerably within a distance 
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and new variables E,(r') -E, (x +p) expanding 
E. (ft + pP) into seaiee per eauers of p , and taking 
into consideration that A te A Pee se Ae 


Atter changing to wiinaeices coordinates and 
integration per p 


ak, (r) Ge I Mo 
( ie dy) &: (*). 
The operator can be determined frrom 
4 Y, < { A H A by 7 
(14 im, 4s) x J + 7 ia” he e. Sade 


Bede eayy, 


Ke 


The coefficients of series Eq. (7) decrease rapidly 
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and, for practical purposes, two to three terms 

give satisfactory precision, The boundary condition 
in Ey. (6) becomes the Leontovich condition if only 
one term is taken in Eq. (7) which, of course, Can be 
done only for{El >> 1. Another type of boundary 
condition is derived if the solution of Eq. (1) is 


sought in the form 


Ba {t, 2) ={V (x, 2) Be (t) dx, (8) 


where Z ({r) is the complete orthonormal system 

of eigen=tunctions or the operator AV. The integral 

in Eq. (8) designates summation per discrete spectrum 

and integration per continuous spectrum and integra- 

tion per continuous spectrum ( K is vector number: 

ot the eigen-functior). Subsituting Eq. (8) into 

Eq. (6) the last equation is expressed as 
gard 6,3 
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| 7 —AV( +4)" V 6 eal : 


Ir E, 1s a narrow wave package, so that it is 


noseibile to place in front of the integral, (wea 
condition in Eq. (6) can be restated as 


aK, ix @ (xq) \"¥s y, : : 
er  ) 
Q@(K) is own number of operator. A; Ks corresponds 


to the center of gravity of the aaeiee For the 
derivation of Fa. (9) it was assumed that 


1 
tht fe] 


fda da (x4). 


ake We ~@ (xo) \'7*] one (10) 
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SUBMITTED: 


Gard 878 


where A K is width of wave package. For greater 
values of | € | the limitations of A K are not 
important and we return to the conditions of 
Leontovich. Taking, plane waves as eigen-functions 
of the operator 4 and the center of gravity of . 
the wave package at k, then Q(k)=&  - K° and 


the boundary condition of Petrovskiy-Feynberg results 
in 


tf) 
There are 2 Sovirl veterences. 


September 3, 1959 
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TITLE: _A contribution to the theory of combination scattering 
of waves on a rough surface 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
Vol.4, No.1, pp.58-66 (44/ 


TEXT: The problem of the scattering of electromagnetic and sound 
waves on rough surfaces has been considered by R.Gans, A.A..ndronov 
and M.A.Leontevich but only for particular types of surface, 

The object of this article is the theoretical investigation of the 
scattering of such waven, without particularization of the nature 
of the surface irreguiarities, and to obtain a generalized: 
expression for the intensity in a form applicable to any type of 
surface, The frequency spectrum is also investigated, It is. 
shown that with scattering on a surface which changes with time, 
there occurs a combination scattering analogous to the 
Mandel'shtam-Raman effect, The general theory is applied to a 
number of concrete examples, Only surfaces which satisfy the 
following conditions are considered 
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where z = S(x,y) is the form of the scattering surface, 

X is the wavelength of the incident radiation, i.e. the heights 

and declivities of the irregularities are small compared to the 
wavelength. It is also assumed that the frequency of the change 

of the surface is low compared to the frequency of the incident wave, 
These assumptions permit the use of quasi-statistical approximation. 
By using Maxwell's equations, an expression is obtained for the 
electric field in the semi~space above a plane surface separating 
two media which possess different complex dielectric permittivities, 
The analogous sound-wave case is also considered. The results 

are applied to a rough surface by considering the electric and 
magnetic field strengths in the two semi~spaces to be made up of 
components due to a plane surface and due to irregularities, 
Assuming that the surface (x,y,t) is a homogeneous and stationary 
random function of the coordinates and time, then the frequency 
Card 2/4 
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Spectrum is determined’ by the Fourier transform from the time 
correlation function of the fields. The method is applied to 
radiation scattered by gravitational-capillary waves on the 
surface of a heavy incompressible liquid. In this case, the 
spectrum of the scattered radiation has two frequencies, which are 
disposed symmetrically with respect to the incident radiation and 
displaced by the same amount, Such a spectrum is typical of 
combination scatter, The case when the form of the surface 
satisfies the equation 


2(2. 9, )Siz.t) = 0 | (35) 


is next considered. t is an arbitrary function of its arguments, 
independent of r and t.. The spectrum consists of © harmonics 
with frequencies: w + Ne, where Xe are the roots of the 
dispersion equations. The foilowing examples are considered: 

1) scatter of waves on fluctuations in a liquid in a basin of 
finite depth; 2) scatter on flexing waves of a thin plate}; 

3) scatter on a vibrating membrane. £.A.Kaner collaborated in 
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this work. There are 9 references: 8 Soviet<bloc andl non-Soviet- 
bloc, The reference to an English language publication reads as 
follows: R.Gans, Ann.Phys., 79, 204 (1926). 
ASSOCIATION: Khar'kovskiy institut radiofiziki i elektroniki AN UcrSSR 
(Xhar'kov Institute of Radiophysics and Electronics, 
AS UkrSSR) 


SUBMITTED: July 2, 1960 
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AUTHORS: Bass, F. G., Braude, S. Ya., Kaner, EB. A., Men', A. V: 
Senna eee 


TITLE: Fluctuations of Electromagnetic Waves in the Troposphere in 
the Presence of a Boundary Surface 


PERIODICAL: Uspekhi fizicheskikh nauk, 1961, Vol. 73, No. 1, pp. 89-119 


TEXT: The present article is a review of theoretical and experimental 
studies on frequency, phase, and amplitude fluctuations of electromagnatis 
waves propagating in the troposphere as a result of atmespherio inhomo- 
geneities. The effect of these fluctuations upon wave propagation in an 
infinite medium was first pointed out by Smolukhovskiy; further investiga~ 
tions by Einstein, Rayleigh and others (Refs. 1 - 14) followed. However, 
it proved to be of essential importance to the theory of wave propagation 
to take the existence of a boundary surface (surface of the Earth) into 
account; this leads to interference effests and other phenomena, and the 
theory is found to deviate essentially from the theory of fluctuation 
effects in a free atmosphere. The first part is a review of essential 
theoretical papers in this field. First, the statistical characteristics 
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of the electromagnetic field above the plane boundary are discussed, 

after which fluctuations of the electromagnetic field in an infinite 

space are discussed. In the following, the qualitative effect of a 
boundary upon the fluctuations cf this field are studied, and a mathemati- 
cal representation of the fluctuation field and of the mean field above 
the boundary is discussed along with some limiting cases. In the following 
chapters, amplitude and phase fluctuations in the far zone are discussed, 
and the correlation of fluctuations above the boundary are dealt with. The 
second part presents results obtained by experimental investigations 

of fluctuations. In the course of investigations of ultrasonic wave 
propagation, frequently the presence of intensive fluctuations of radio- 
Signals during their passage through the troposphere was observed. The 
investigations of these fluctuations, however, are mostly cf local 
character, so that a comparison with the theory presents difficulties. In 
recent times, investigations have been extended over larger areas (above 
all oceans), so that more general results are now available. In detail, the 
authors discuss the method of measuring radiosignal fluctuations, the 

main characteristics of fluctuations, the various types of phase fluctua- 
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tions, and the dependence of fluctuations on distance and meteorological 
conditions. An experimental-theoretical comparison proves the considerable 
influence exerted by taking the boundary into account: It leads to a 
quicker increase of fluctuations with growing distance, to a change in the 
frequency dependence, to the occurrence of fluctuation flashes, to @ quick 
increase of the fluctuation intensity in the minima of the mean field, etc. 
The problems to be theoretically solved in future consist in taking the 
curvature of the boundary, the anisotropy, and the instability with time 
of the medium into account. B. A. Vvedenskiy is mentioned. There are 

12 figures and 45 references: 29 Soviet and 16 US. 
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AUTHORS : Bass, F.G.> and Kaner, E.A. 
TITLE: Phase and amplitude fluctuations in very long distance 
propagation of electromagnetic waves above the earth's 
surface 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, 
Radiofizika, 1961, Vol.4, No.2, PP» 377-3793 


TEXT: The authors consider the case when the receiver is 
below the transmitter's horizon. The intensity of the signal 
received then depends on scattering in the relatively small region 
of space where the directional diagrams of the transmitter and 
receiver intersect (see Fig.1). The present note is restricted to 
a consideration of the amplitude and phase fluctuations when these 
are determined by scattering, although the mean value of the field 
is determined by diffraction, i.¢.:3 


lr) = (274%)? p {n' Cen'}] fa e be(e) exp(igq e)(rrg)7™ exp 
exp (ikr + ikr,) 


(1) 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910019-6" 


"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910019-6 


S/141/61/004/002/017/017 
Phase and amplitude fluctuations in ... £133/E135 


An expression for the fluctuating component has been given by 
L.D. Landau and Ye.M. Lifshits (Ref.5: Elektrodinamika sploshnykh 
sred, "Electrodynamics of continuous media", GITTL, M., 1958). 
It can be found from this that the mean square values of the real, 


€,: and imaginary, i parts of the vector t , representing 


the fluctuations, are given by: 


<e2> = <B2>-5 <IB7NF § CEB To ™ 


Eq.(2) holds for (q go < 1 (where @o is a characteristic 


dimension of the scattering volume and q_ represents the change 
in the wave vector due to scattering). This is true for the 
present situation. as the transmitter-receiver distance is 
increased, the fluctuating component falls off much less rapidly 
than the regular component. Hence at great distances the latter 
can be ignored in comparison with the former. At such distances 
the mean square fluctuations of phase and amplitude are given by: 
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<3e2> = 37/3, Ciina- <inay)? «= sc2/24, 
gp ee, -Ben x (6) 


If the fluctuating component is small in comparison with the 
regular component, the fluctuations in phase and relative 
amplitude are equal and given by: 


o = <l€7\> / 2\E7| = Z(k7R sin x/456 (vl e,8,)" ( <ee? > (ror) Kes 


dv wW(q) (3) 
This relation does not give explicitly the dependence on distance, 
frequency, etc. which can be derived, however, from: 


orem) (gg 72 | t(hg) £ (h) | 72 exp (24x) (8) 


where: x = (ka/2) 730; ty 2.03; and the remaining factors are 
shown in Fig.1. 
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Reflection from the earth's surface is not considered in the 
present paper - the result of including it is simply to change 
slightly the effective scattering volume. Since the mean field 
value dies away exponentially, the fluctuations, in comparison, 
grow rapidly. It should be noted, however, that they also depend 
on the factor p-2(n+1) where, according to the experimental data 
(Ref.6: D.I. Vysokovskiy, book "Some Problems of Long Distance 
Propagation of Ultrashort Waves" (Nekotoryye voprosy dal'nego 
raspostraneniya ul'trakorotkikh voli), Izd. AN SSSR, M., 1958), 


Phase and amplitude fluctuations ... 


n 2. Eq. (8) was derived under the condition of small 
fluctuations; these do not, therefore, tend to infinity as the 
equation otherwise implies, The authors thank A.V. Men' for 


his opinion of the manuscript. 
There are 1 figure and 6 Soviet references. 
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AUTHOR: Bass, F.G. 


TITLE: Fluctuations of the parameters of an electromagnetic 
field propagating in a magnotically~active plasma 
having a randomiy~varying electron concentration and 
magnetic field 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Radiofizika, 
ve. 4, now 3, 1961, 465 ~ 475 


TEXT: The problem of the fluctuations of an electromagnetic 
field in a magnetically-active medium was studied in Ref. 1 - 
F.G. Bass and S.I. Khankina ~ this journal, .5.--384, 4960 - and: 
Ref. 2 - N.G. Denisov, this journal, 3, 619, 1960, but it = 
appears that the generalization of the results obtained in those 
works is of some interest. This is done in the following by 
using the perturbation method. The statistical characteristics 
of an electromagnetic field which passes through a magneto- 
active plasma are calculated; the fluctuations of the electron 
concentration and the external magnetic field as well as the 
field reflected from the layer of plasma are determined. 
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The equations describing the propagation of electromagnetic 
waves in a magnetically active plasma are: 
io utr 
rot H= 7 == EB + —— eNw ; 


Cc ¢ 


tl 


rot E=—H (1) 
ct . 


e 6 
me 


To] 


where E and H are alternating electric and magnetic 
fields, c is the velocity of light in vacuum, e is the 
electron charge, N is the electron concentration in the 


magnetically active plasma, Hq, is the external magnetic field 
and w is the velocity of the electrons. It is assumed that 
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all the quantities are sinusoidal functions of time. Each of the 
quantities in. Eqs. (1) can be represented as a sum of its mean 
value and its fluctuation: : 


B= E+ 03 H = H + %; fi t (2) 


where the horizontal line above the symbol signifies statistical 
averaging. It is assumed that the fluctuations are small so that, 

by using the perturbation mathod, the fluctuation comparnt of . 
the electric field of Eqs. (1) is described by an equation of 

the type: q 


a* 


= 65,A : Kes, Ce F dy — @) 


Ox, Ox, 


where j isa vector. The propagation of the non-perturbed 
electromagnetic field is in the direction of the axis Oz and 
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the plane Ozy coincides with A, - In this ee system 
tropic medium is expresse y? 
the tensor £5, of the gyrotrop We 
iu vocos a 


rs CY, 


- u 


v(l ~u sin-a) uv cos a sin a 
5 enemas = neem $ 


le-u xe l-u 


(5) 
v(l -u cos” a) 


7 b rE EEREEReenenemetitl 


me l-u 


where a is the angle between R. and the axis Oz . 
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The solution of Eqs. (3) is assumed to be in the form of the 
Fourier integral of the coordinates x, ti S * 
i(n x + “ y) ‘ HL XtH 
G(r) a =  2(n,2)dn; i(z)= \e y B( x12) 0x (6) . 


tions occur is. L 
If the thickness of the layer where the fluctua 

and the layer is perpendicular to the axis z , the expressions 
for the components By for the plane 2 = L are given by: 


L 
t. L)= tg, an '— Ee a“ 
ue ats “Tas (A fo {(2 %o) fi (z) Usfs (ay. + 


eee eg ree ee 
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: Soe 


oe _ 


haere Stee \ altatt=2) |(4a—9y) hf (z)— dfs (2)] dz: 


+ 
- 2920 (935-970) { 


L. 
eee eee * gla (t—a) (z) + a,~9%)) fa (z)] dz+ 
& (4) « 29,0 (Vo —%o | : ie aie 


v 


L 
{Sess eg EG ere 


291 c=, 2430 (925—-F0) 


& ear -2 k, (2). 
where the various functions are defined by: 
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fi=— Be @) +2 Bhi fh 
b) az 
— 
a, =F («,, + 4) ay 
Say 


a, = R* (., 


In the above the index i can.as 
corresponds to an ordinary wave 0 
to the extraordinary wave. Eqs- 


cere oe re 


sume the value of 1 » Which Tt 


| 14341/61/004/003/008/020 


(2) =~ 4, (2) + 2 Bei 


e,,€ 
=p! (., me “utr 
Siz 


a? — : 

zy : 

ae Sx), H 
€ be 


ravalue of 2 corresponding 
(8) are derived under the 


assumption that A/27 = 1/k << €<<L in where € denotes the 


characteristic dimensions of the 
electron concéntration and the ma 
results can be used to investigat 
incidence angles and relative and 
electromagnetic fields passing th 
possible to dotermine the absolut 
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electromagnetic field reflected frsm the layer. The phase © 
fluctuations 69 and the relative amplitude fluctuations ..5A 
are defined by the following formulae (Ref. 3 - B.A. Kaner, 
F.G. Bass, this journal, 2, 553, 1959): 


by = Im(t/E); 6A = Re(C/E) 


The correlation functions of these quantities at points 


"+ and ry, are written as: 


ied 


K(rg, rg) = p(x, )69(xQ)s P(xy) x) = 6A(x,)6A(rQ) (10) 


In using Eqs. (8) and (6) for determining the effect of the 
fluctuations of the electron concentration and the magnetic 
field it is assumed that the propagating field is in the form 
of normal plane waves. 
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cot : 


The components aa and the phase and amplitude correlation 


functions are determined for the following special cases: 
1) a st72 for the ordinary wave: 

2) a =W/2 for the extraordinary wave; 

3) a = 0; 

4) uSX1l , which corresponds to strong magnetic fields. 


‘The att enuation coefficient of the mean field is also 


determined. It is also shown that if is a slowly- 


ik ; 
changing function of the three coordinates X, Ys 4% 1 the mean 
square value of the fluctuations of the phase is equal to the 
average square value of the amplitude fluctuations and is half 
the value of the average square phase fluctuation in the far 
zone. This effect is demonstrated im a manner similar to that 
presented in Ref. 4 (F.G. Bass, S.1. Kbankina, this journal, 
3, 216, 1960). There are 6 Soviet references. 

Acknowledgments are expressed to S.I. Khankina- 
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AUTHOR: Bass, F.G. 


TITLE: opagation of Radio waves over a statistically 
trrsgular surface 


PERIODICAL! Izvestiya vysshikh uchebnykh zavedeniy, 
Radiofizika, 1961, Vol.4, No.3, pp. h76-483 


TEXT: In a previous paper (Ref.1: Izv. vyssh. uch. zav. 
Radiofizika, Vol.3, 72 (1960)) the present author derived a 
boundary condition for the averages electromagnetic field on a 
surfacs with random drregularitiss. If it is assumed that the ; 
random irregularitiss aré atatistically unifora, i.e. the ' 
correlation function fer tha hsight of the surface at points Fr 

and xt is a function of err r' only, then ths boundary not 
conditions on the surfaces 2% © Oo are of the form 
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[a nae % 


ay 
- ae eS 


ry vel 


d magnetic fields, 
nd H arse the average 2 eyagtric an 
46 the averages impedance and is the average square of 


the surface irregularity, W is the correlation coefficient 
betwean the irrsguiarities at two different cscbeaed 


2 ix @* + 2? 
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and E and H are functions of r', The integration in Eq. (1) 
is with respect to r'!, The first case investigated in the 
present paper is that where the irregularities are both uniform 
‘and isotropic, i.e. the case where W depends only on the distance 
between the points ‘rand rlanyy The plane of incidence is chosen — 
to lie in the xz plane and the boundary condition (1) under these 
assumptions splits into two independent boundary conditions: one 
for the vertical and one for the horizontal polarisations, The 
reflection coefficient is then determined for the vertical 

_ polarisation (it is defined as the ratio of the reflected magnetic 
field to the incident magnetic field, while for the horizontal 
polarisetion it is defined as the ratio of the reflected electric 
field to the incident electric field, Maxwell's equations are 
then used to express the electric field in terms of the magnetic 
field in the case of the vertical polarisation, and the magnetic 
field in terms of the electric field in the case of the horizontal 
polarisation, The solution of Maxwell's equations is then. 

sought in the form, . : 

wae 


wiz ik lx 
H, = (e Re = * e * 
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(vertical polarisation; Hy = Hy = 0): 


and 7 de 
Be le ee” ik,x 

, Sy . y° 

(horizontal polarisation; Ex = Ez, = 0), 

Substitution of these solutions into £q.(1) and integration with 

respect to the angles are shown to lead to closed formulae for 


, the reflection coefficients, For glancing incidence the 
reflection coefficients are shown to be given by; 


ik,z 
+ Re )x Ey 


, ae Se 

Rw) jp VV ale t dw 
»” [ee ota el 1 ~s2 Ow 
| =a 2Vane | % dx dx 11x 
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(vortical polarization) 


and re - ; eat 
2et RS? | tn i as| cos8. (9) 
gant 4al. Viz | ep | 


(horizontal polarization). — j oe: 
In these equations ( is a characteristic linear dimension/of the.‘ 


drregularities. A formula similar to Eqe (8) is said to have been.” >.> 


derived by S.Ya. Braude. (Ref. 2: Izv.vuz.Radiofizika, v.2, 691, 
1959). However, Braude did not point out that the formula would 


only hold provided the angle of incidence satisfied the condition” 


we l2-G<K Vi Akt - “i 


The knowledge of the reflection coefficients for plane waves can 
be used to obtain the reflected field for a wave of arbitrary 
configuration using the method put forward by L.M. Brekhovskikh 
(Nef. 3: "Wave propagation in random media", Izd. AN SSSR, 
Hoscow, 1957). As an example of this general problem the author 
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- considers the propagation of electromagnetic waves emitted 
‘by a vertical dipole placed above a random surface. The Hertz 
vector then has only one component which is parallel to the — 
dipole axis. It consists of two parts, namely, the reflected 
part and the incident part and these are given by: 
aR nae “ oe oa . a 
nae = as > Map = me Hi" (kr sin@) ef #49" R, (8) sinBd®, (13) . 
. : 2+ir0 


In these oquations Tinan. is the incident-wave component, Thorp te 


is the reflected-wave component and R is the distance. from the is 
dinole to the point of observation. Moreover, r is the distance. 
fro: the projection of tho dipole onto the plane z= 0 to the — 

projection of the point of observation onto this plane; ‘Band _2 


are tho heights of- the dipole te} of thé point of observation 
abeve the plano w= OQ and HH") js the zero-order ibn es 
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Hankel function of the fifst kind. If the condition 


k(z + 2) > [ S.ee + F(@) de 


is satisfied, then 
ikR 


, 1 
e 4 " 
Tlorp = i {n,(© o - 2kR, [=e o) + Ra (®,) 2841] (14) 


where Rj is the distance from the point of specular reflection 
_ of the dipole to the point of observation, 6, 4# the specular 
reflection angle, Rg is the reflection coefficient (see above), 
and primes above symbols represent aifferentiation with respect to 
@>- In addition to the above waves, surface wavss can also be 
propagated over random surfaces. These waves play an important 
part in modern electronics since they are known to interact with 
electron beams (L.A. Vaynshteyn, Ref.$: Elektromagnitnyye volny, 
"Electromagnetic Waves", Izd. Sov. radio, Mo» 1957). It is shown 
that aif kf 1, then in the case of a perfectly conducting 
plane with random irragularitiss, there is a surface wave which 
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is propagated with a velocity vo and is not damped. along the 
x axis. When kf $1 the surface wave is attenuated both along 
the 2 and the x axes. The next saction is concerned with the 
propagation of scalar waves over random surfaces. The particular 
case investigated is that where the scalar field vanishes on ths 
irregular surface. It is shown that the boundary condition now 
becomes 2, ¢ 2 - - 
- = v" Ww ds (26) 
p= - 3 ( vrcey we) it. 
and the reflection coefficient is given by 


— ik 
2 et a 
R, = -1+ 2k § } -i ( sae [wie) 3,08,9) } ae (27) 
oO 

The final section is concerned with general irregular surfaces 
where the irregularities are functions ef ons soordinate only. 
In the case of a quasi plane wave and glancing prepagation, the 
boundary condition was shown to be, in Ref.l, 
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(x) (y) 
FE, ™ — Vert Hy: y * “err By (32) 


where nere is the effective impedance. “ 
Using Maxwell's equations, one obtains the following boundary 


condition for E,: seh | T— 
aE a 
— 2 — ik [x‘* (y) wit EL 38) 


« abt: 


ae cosy + Vert 


where » is the angle between the direction of propagation and. 
the x axis. : a et 
There arse § Soviet references, 
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Plane Surface with an Arbitrary Value of the 
Dielectric Constant , 


PERIODICAL: Radiotekhnika i elektronika, 1961, Vol. 6, 
Now 4, pp. 655 = 656 


TEXT: ‘Ina previous paper (Ref. 1) the present ‘author 
derived the botmdary condition for the normal component 
of.the electric field on a plane surface with an arbitrary 
value of the dielectric constant. In many cases, this 
boundary condition does not represent the.complete solution | 
ef the problem. For example, in the case of fields for which 
the normal component is identically zero, this boundary 
condition becomes an identity and the boundary! problem should 
be solved uging the boundary conditions for the tangential: 
components. § The boundary conditions for the tangential. : 
components @f the electric field can be obtained from the 
Green formul} _and ,the exact boundary conditions using the 
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method. analogous ‘to- that employed in Ref. 1. These j & 
boundary, conditions are of the form . = 
- ot Fy eh cee é as : : 
\r—r' ae hs © ee rt 
ie een up ee - (f) b 
‘ mete Saree axe. : 


In: this. expression # and i are the electric and 
magnetic fields, 

k = w/e. 
is the complex Avelecerie constant and 
is the outward normal ba the pan 

a = ° e 


“|e Id: 1 then Eq. (1) can be rewritten in the form | 


€ 
> 
n 


Se ere eae tei 8 mee, we ie A et 
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--Where 4 is the two-dimensional Laplace apernvurs The 2S fa 
magnetic field can be excluded from Fq. (2) with the atd of §  ¢. : 


- Leontovich conditiori' is. obtained. The boundary condition 


| Wave equations for which the boundary conditions siven by — 
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the Maxwell equations. After some rearrangement the POUNGeNy, ‘ 


conditions for the electric field become. . a 


aB, y ° eae 4 0B. 
: u ky. B,., bai De aes 
ee —Ev + Va (c+ 4) ere obcas 


a eo AB) 


On expanding the boundary: condition given by Eq. (2) in:- 
powers of' Bfx2 & and retaining the first term only, the 


given by Eqs. (3) are then Used. to solve the following ms 
problem. Consider the class of ‘solutions of. the homogeneous 
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“{ ; Bqs. (1) - (3) are local. It is clear that plane waves 
‘| belong to this class. The boundary problem for plane waves. 
is solved with the aid of. the reflection coefficient and it 
turns out that it can also be introduced in the more general 
‘ case. It is clear from the boundary conditions (Eqs. 2-3) 
ts that they are local if the electromagnetic field components 
ion 2z=O0O are the éeigenfunctions of the two-dimensional 
: Laplace operator ‘AQ. The present discussion is limited.to 
the less general case, where the electromagnetic field 
- components are the eigen functions of the two-dimensional 
Laplace operator in the entire upper,ghalf-spdce. The 
‘solution of the wave equation can then be ‘sought in the 
_ form .¢ 


yee ee 


a 


“Ges 
a 


la gerr 


E> alt) (x, y)er* + o's) (x, ye tte. . Cay 


h 

t 

i 

$ 

i ‘ _ Ae . . oe 
| where gj- (x, y) satisfy the condition . Ss By 
i! Cara 4/8. 
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7 


: 
i | ‘Vekua (Ref. a) 3 has shown’ ‘that the general solution of Eq. (5) cn 


- ‘can be werecen down in the form _ ss cee 

% i : 
ste, pmarcey+{ 2 (0 Joh Vee nat 040 YEE is @ | fe 
a ER SNR i ges 

Where q is an arbitrary eouetanty. . 

ee RS Ss Ak 

I A = 7 = x ’ i . 

, ee 

t z 4 e 

: ‘ =| =) vV. s 
; ~~ 1 ou re 
a & and QB are arbitrary ‘holomorphic functions and Pye Seas 
| mes: 
Jo. is the zero-order ‘Bessel function. a $ olen 
wie ae , | * eS - 
et é : ge 20 
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a _ tf E, does ndt vanish identically, then the solution of _ & = 
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ACCESSION NR: AT4001520 . $/3026/62/000/000/0079/0090 
‘* AUTHOR: Bass, F. 6. 


3. QITLE; On the theory of short- and intermediate- radiowave scattering by sea 
: ewelle: ; a 


‘SOURCE: Radiookeanograficheskiye issledovaniya morskogo volneniya. Kiev, 1962, ae 
: 79-90 ee ee 


: TOPIC TAGS: radiowave scattering, short radiowave scattering, intermediate radiow 
- wave scattering, electromagnetic wave scattering, sea swell radiowave scattering, . 
‘ earth curvature effect, scattered radiation statistical property, scattered radia- 

tion intensity, scattered spectrum frequency dependence, scattered signal freques- 

cy shift, sea depth shift effect, short wave radiomeasurement, intermediate wave 

radifmeasurement, frequency spectrum analysis, oceanography 


‘’ ABSTRACT: The components and the frequency shift spectrum of the electromagnetic «= - 
field scattered by a small sector of the sea surface z = £ (x,y) whose surface ba 
impedance, NL ~ E~ /2, and form are random stationary functions of time and locally ~~ 
homogeneous. functions of coordinates, were determined using perturbation analysis 
and applying Leontovich boundary conditions. 
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‘~ . >> 7 >| > > 
ACCESSION NR: AT 4001520 : z|- alals mall a) 
wheren ie a vector normal to the surtace of the sea. The effect of earth curva-. 
ture is considered but the scattering sector fis assumed to be flat and large com 
pared to A and the length of the ocean waves. Also * «ian YL «I. | 
Receangular coordinates are used within the sector and geographical coordinates . 
outside, The boundary conditions for scattered field components By, and Ry, at. 
surface z = 0 are evaluated from (1) in terms of corresponding incident field comr 
ponents, and Green's integral together with the appropriate Green's function are ||: 
' i used to evaluate the scattered field at the point of observation. Maxwell's equa-. © 
- i tions are used to tain the remaining_field components. _ The final structure of | - 
"the components, ia: Er = Ar (sy. 815 Z0r%1) Ea) + Ar Susi 2 QA ae 
THe = Br (Sgr $15 qs 21) & (ul) Em" + Bi (5,, 815 29 24) } (Qf) mi (2) 
oasis = we ; . , ; ores 
where: (.) = (eer dS; (qt) = felt? 4 an) aS: paw coe eas 1= {+ *) 
: Ne on cee Statues Cee fae . : cos J = 
+ 8 and 8] are distances from observation and source to the center of sector, 2% 
: and 21 are corresponding elevations, 4 = 3- x', is the difference between the 
“1 projections of the wave vectors of incident and scattered fields on plane Oxy, 
and A and B are complex coefficients. Signal form and antenna pattern can be 
‘accounted for by inserting « factor f (f) in the integrand of © and Ys Statio- 
tical properties of scattered fields are contained in field correlation tensors 
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~ and has a maximum at qy - € . SY ime 
*, A qualitative interpretation of the frequency shift,/t, in field scattered by the’ 


sea surface was given by Crombie 
. When a general theory developed 
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For the smooth scattering sector 
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by Bass (IVUZ SSSR, 
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Radiofizike, 1V,58,1961) is — 


applied to the sea surface scattering, using the hydrodynamic and boundary condi- : he 


- tions for V£«l given by Landau 
: 1954) a differential equation 
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| ‘At gece 

at i = ( q+-£) th gh. 

- and g is the gravity acceleration, A is the capillary constant, h is the depth 

_ of the sea and 4 is the water density. Equation (7) has a solution as 


G0 = te G eth + or @) 


: where the frequency shift 4b is 


; ; from which it follows that the dependence of tensors Ev (7), Hik (1) and Dy, 

(V) upon Y-is determined by the function: 
fOaTE Peer + Tb Bae ars 
Sag ; on CS |) ee 
The spectrum of the scattered signal is the Fourier transform of (1) and contains 

"2 spectral lines. For © =Q and transmitter _and receiver at the same location, 
— j2@=1/ 4% sing 
ee ae oe ae y Sind = npa gh > 1. (10) 
2 (9) = ah sin ® npu gh € 1. 
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2 
eros so~ 28 vei now gh <1, 


12 
‘son ‘alg up qk >I. oe 7 
jo’? where "a" is some chosen dimension of scattering section. "In conclusion, the 
' { ‘author expresses his gratitude to S, Ya. Braude, B. D, Zamarayev, A, V. Men' 
' cand I. ‘Yee Ostrovskiy for helpful discussions which were of great: assistance 
during this.work", Orig art. has: 37 formlas. — as 
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SOURCE: RZh. Fizika, Abe. 72nl9¢- 0, Ie “, cs oe 


“ xommoR: aaa, Eg Saude, a. Yas Boplavko, Yu. V, oes 


es Détermina&tion of ‘31 tistical parameters of sea waves! ‘from 
hae toettedrerdl ica made at. ‘short. and medium: radio waves = ; *: 
‘CITED SOURCE: * sb. adiookeanogr. {soled morsk. . volneniya. iyev, 


ta 


‘TOPIC J aha Bale 6 wave. Propagation, sea | surface, scattering, 
wave rt medium v waye:. 7 Bis a eee 


TRANSLATION: “On the asi he. ‘yeault. ‘of. the. ‘preceding. wor’ 
s.(Abstract. 72n192), calculation formulas: aréobtained for the scatter- 
ing of electromagnetic. waves by sea waves, making it possible to de-. 
' s termine the parameters of. the. sea waves. The calculated data are . ae 
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_ ..) compared with éccpasinantal: ‘results obtained at wavelengths - from: 10! 
-...-, €0 240 meters (Abstracts 72h199 -- 191). It ie shown that in order (°°: 
o..t0 find the. radii ‘of correlation andthe mean square ofthe height . | 

: Of the sea waves it is necessary to measure the scattered signals at. 

@ > two wavelengths and-to find-its angular distribution int apace.” ee 
_ -* dnterpretation. is presented for ‘the. frequency spectrum ofthe gt 
/./ : seattered field and its structure at different dierances. : ‘Biblio- — 

“graphy, 43 3 bEthges: ‘F. Bass. - ‘ ag! “4 - 
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AUTHORS: Bass, F. G., Kaganov, M. I., and Yakovenko, V. M. 
Ca, 


TITLE: Cherenkov radiation and supplementary waves in a dieleotrio 


PERIODICAL: Fizika tverdogo tela, v. 4, no. 115 1962, 3260-3265 


TEXT: The spectral density of the radiation emitted by a particle, moving 
perpendicularly to the interface dielectric ~ vacuum (2 = 0), is investigated -/ 
and calculated. Special attention is paid to the generation of supplemen- 

tary transverse waves. of exciton origin. In addition to excitation of 

exciton waves, their transformation into electromagnetic waves at the 

interface are considered. The system is described by the Maxwell equations. 


rot H= = ev8 (2 — vf) (x)3(9) +5 ee ae (1) 
7 
rot E=— > " : 
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for the field excited by a particle moving at the velocity v, the equation 


SF of i. a,AP — a, grad div P= E (2) 


the continuity of the tangential components, and a linear congition which is 


for the polarization P in the dielectric, the common boundary conditions for f 
very general for isotropic dielectrics, written in the form aP/an + 6? = 0, 


” A 2 
_The solution can be found in the form z = J Rarer St)azay, YW, is the 
frequency of exciton absorption; ou, ado, and x are constants describing the 


structure of the exciton bands. The radiation arising in the vacuum, due to 
the interaction of the particle with the dielectric, consists of common 
transition radiation, the Cherenkov radiation, and longitudinal and transverse 
exciton waves. On leaving the dielectric these two exciton waves become 
transformed to transverse electromagnetic waves. A continuous Cherenkov 
radiation spectrum occurs on the boundary of the dielectric piate when 
particles with sufficiently high speed are leaving this. At decreasing 
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velocities of the particle this spectrum is Narrowed, and it disappears - 
completely if the velocity approaches the value o/n,. At further 


deceleration a narrow line, associated with the exoiton wave, is observed: 
on the entry side. It is shown that the group velocity corresponding to ; 
the exciton wave is negative. In isotropic optically active media, (2) is 

to be replaced by g4-% : x 


P--geSrotP:=+—! Bg; ae ore (15) 


after Fourier transforaation with respect to time. Ww ig the radiation 
‘frequency. At €31 the dispersion equation has generally three roots. 
Hence the Cherenkov radiation propagates on the surface of three cones. 
Fig. 2 shows the frequency dependence of the refractive indices for 2 media, 
considering all constants of both media as equivalent and assuming that two 
types of waves propagate in the optically active media: ny = €, 


n3 = t/e“g*. Since spatial dispersion occurs in frequency ranges far from 
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w the absorption plays only a minor role and the exciton waves can be 
observed experimentally. There are 2 figures. . 


ASSOCIATION: Institut radiofiziki i elektroniki AN USSR (Institute of Radio- 
physics and Electronics AS UkrSSR). Fiziko-tekhnicheskiy 
institut AN USSR, Khar'kov (Physicotechnical Institute y 
AS UkrSSR, Khar'Kov) > 


SUBMITTED: May 11, 1962 (initially) 
June 28, 1962 (after revision) 


Pig. 2: Frequency dependence 
of the refractive indices for 
two media; 

_ Legend: I is an isotropic 
nongyrotropic medium, II is 
an isotropic optically active 
medium. 
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$/141/62/005/001/019/024 
Fg ra ww 7) 4] E039/E485 
AUTHORS : Bass, F.G., Khankina, S.I. 


TITLE: The loss of energy by particles moving over an ideal 
conducting statistically rough surface 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. 
Radiofizika, v.5, nol, 1962, 174-176 


TEXT: When particles move over an ideally conducting rough 
surface there is a loss of energy due to the particles becoming 
charged, in addition to the usual losses such as Cherenkov 
radiation and polarization losses. The loss of energy per unit 
length for particles moving along the Xj axis is given by 


aw 


In the case of a statistically rough boundary the electromagnetic. 
field can be divided into its average and fluctuating parts, oy 
and the statistical irregularity is given by 
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where E. is the average value of the electric field and e the 
fluctuating part. The average loss of energy is then defined by 
the average electric field 

Se 7 1 (3) 
where W denotes a statistical average, 
The average field over a statistically rough surface may be 
defined by reducing it to the equivalent field over a smooth 
surface. By assuming that particles with a charge q move with 
a velocity v ina vacuum along the axis x ata distance a 
from an ideal conducting medium, the following expression is 
obtained for the loss of energy from the particles 


a = F dtwras (7) 
oO . 


where @(w) is the density loss spectrum for unit frequency 
interval. A simplified formula for @®(w) is given. 

An additional note is included: which extends the calculations to 
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cover the case of energy loss from dipoles and charged filaments. 
ASSOCIATION: Khar 'kovskiy institut radiofiziki i elektroniki 
AN UkrSSR (Khar'kov Institute of Radiophysics and 
Electronics AS UkrSSR) 


SUBMITTED: July 15, 1961 
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LIMO 


AUTHORS : _ Bass, F.G., Kaner, B.A. and Pospolov, L.A. 


TITLE: Radio-wave fluctuations in the near zone over a 
Plane separation boundary 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, 
Radiofizika, v. 5, no. 2, 1962, 255 - 259 


T EAT: The authors investigate fluctuations in the near 
zone when the source and the receiver are located in a mediun 
with random fluctuations 6e€ in the dielectric constant. The 
fluctuations 6& are assumed to be a random process which is 
Stationary in time and uniform in Space, so that the average 


be(x, t)be(r', t) is a function of the difference r -r'! 

only. Using the results of previously published papers 

(Ref. 1 - E.A.Kaner, F.G. Bass - DAN SSSR, 127, 792, 1959; 

Ref. 2 - Kaner and Bass < Izv.Vyssh. uch. zav. - Radiofizika, 

2, 553, 1959; Ref. 3 - «doe 565 and Ref. 4& - Bass, S.Ya.Braude, 
A.V. Men' and E.A. Kaner - UFN, 23, 89, 1961), formulae are 
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cerived for the phase fluctuations and relative amplitude 
fluctuations in the troposphere above a perfectly~conducting 
plane separation boundary. The formulae hold in the near zone, 
where the dimensions of the first Fresnel zone are small 
compared with the irregularity dimensions. The distribution of 
the fluctuation components of the field, their phasés and 
amplitudes and the dependence of the rem.s. fluctuations on 
frequency, path length, polarization and the position of the 
transmitter and receiver above the separation boundary are 
determined. The correlation between phase and amplitude 
fluctuations is calculated in the transverse direction and 

the region near the zero average field is investigated. It is 
Snown that the presence of a Separation boundary in the case 
of the near zone leads to a modification of the fluctuation 
characteristics as compared with an infinite space. 
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AUTHORS: Bass, F.G., Khankina, S.I. 
erred 
TITLE: Energy losses of a charge moving above an 
anisotropic medium 


PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, 
Radiofizika, v.5, no.2, 1962, 408-411 


TEXT: The authors are concerned with the motion of a charge.- 

moving with a constant velocity in vacuum above an arbitrary 
anisotropic medium, Maxwell's equations are solved for two types 5) 
of moving charges, namely a paint charge and a charged filament, as 
Explicit formulae are derived for the energy loss per unit path, 

The discussion is then specialized to the case of a uniaxial 

crystal when 1) the optic axis is perpendicular to the separation 
boundary, 2) the optic axis is parallel to the separation boundary 
and to the direction of motion of the charge and 3) the optic axis 

is parallel to the separation boundary and perpendicular to the 
direction of motion of the charge. 
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AUTHOR: Bass, F. ff. 
a 
TITLE: Influence of regions of inapplicability of 


geometrical optics on wave scattering by 
permittivity fluctuations 


PERIODICAL: Ukrayins'kyy fizychnyy zhurnal, v. 7, no. 4, 4 
1962, 409-415 - 


TEXT: The effect is considered of reflection points and 
turning points on an electromagnetic field, scattered by per- 
mittivity fluctuations. The intensity of the scattered radia- 
tion is calculated. In the references, no formulas for the in- 
tensity were obtained in closed form. It is shown fhat, under ~* 
certain assumptions, the problem reduces to solving a scalar 
wave equation. Only inhomogerleities, large in comparison with 
the wavelength, are considered. It is further assumed that 
geometrical optics is inapplicable at a single point only. The 
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